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NAVIGATION APPARATUS

SUMMARY OF THE INVENTION

BACKGROUND OF THE INVENTION

gation apparatus that can determine a current location of a

An object of the present invention is to provide a navi
1. Field of the Invention
The present invention relates to a navigation apparatus for
detecting a current location of a mobile body.
2. Description of the Related Art
One type of car navigation apparatus uses a recording
medium such as CD-ROM Which has map data stored
therein. The map data includes road data Which represent

mobile body even When the mobile body moves in a building
for Which no map data is available.

10

locations (or points) along streets/roads on a map by num

According to one aspect of the present invention, there is
provided a navigation apparatus comprising: a measurement
unit for measuring a current moving direction and current
location of a mobile body in accordance With navigation
parameters of the mobile body; a presumption device for
presuming a route pattern representing straight and curve
Ways along Which the mobile body has moved, on the basis
of the moving direction and current location of the mobile
body measured by the measurement unit; a comparison unit
for determining Whether an actual route pattern determined
in accordance With the moving direction and location of the
mobile body measured by the measurement unit after the

bers. The car navigation apparatus detects a current location
of the car and a moving direction of the car by using various 15
sensors When the car is operated. At the same time, the car
navigation apparatus reads a group of map data covering a
certain area, Which includes the current location of the car,
from the recording medium to shoW a map of the area
presumed route pattern is prepared matches the presumed
around the car in a display unit. The current location and
route pattern; and a calibration unit for calibrating the
moving direction of the car are both indicated automatically
current moving direction and current location of the mobile

in the displayed map.
In the past, the navigation apparatus relies upon tWo
navigation schemes. One scheme is self-contained naviga
tion and the other scheme is GPS (global positioning

body measured by the measurement unit on the basis of the

presumed route patter, When the comparison unit determines
25

system) navigation. The self-contained navigation utiliZes
self-contained sensors (e.g., acceleration sensor and angular

velocity sensor) integrated in the navigation apparatus and
does not receive any eXternal support or information. The
acceleration sensor and angular velocity sensor are used to

detect (measure) navigation parameters such as acceleration
and angular velocity of the car. The GPS navigation utiliZes

that the actual route pattern matches the presumed route
pattern. A GPS device cannot provide accurate location data
When the mobile body (e.g., a car) moves in a building
having a roof (e.g., a multi-?oor car park). Data about
driveWays in the car park may not be available in the
navigation apparatus. The navigation apparatus can accu
rately determine the current location of the mobile body
even if the mobile body moves in the roofed building and/or
no driveWay data is available.

a plurality of arti?cial satellites Which send measurement

data (position data) to the navigation apparatus. The self
contained navigation has advantages and disadvantages, and
the GPS navigation has advantages and disadvantages. In

BRIEF DESCRIPTION OF THE DRAWINGS
35

FIG. 1 illustrates a block diagram of a navigation appa
ratus mounted in a car;

recent times, therefore, hybrid navigation is generally used,
Which combines (or compares) measurement data supplied

FIG. 2 illustrates a ?oWchart of a car location indicating

process performed by a control circuit of the navigation
apparatus shoWn in FIG. 1;

from the self-contained navigation With measurement data

supplied from the GPS navigation.

FIG. 3 schematically illustrates a drive Way in a roofed

In order to improve detection accuracy of a current car

building; and

location provided by the self-contained navigation or GPS
navigation, a map matching technique is also employed. The

FIGS. 4 and 5 in combination illustrate a ?oWchart of a
car park driveWay presumption routine performed by the
map matching technique or process causes the detected car
location to shift to the road of the map data (road corre 45 control circuit of the navigation apparatus shoWn in FIG. 1.

sponding to the map data) While the car is moving, if the

DETAILED DESCRIPTION OF THE
INVENTION

detected car location deviates from the road of the map data.

One eXample of such map matching process is disclosed in
Japanese Patent Kokai No. 10-307037.

An embodiment of the present invention Will be described

in reference to the accompanying draWings.
Referring to FIG. 1, a car navigation apparatus according

In the map matching process, if the current car location

provided by the GPS navigation (referred to as “GPS car
location”) greatly deviates from the road of the map data, the
navigation apparatus determines that the GPS car location is
the true location of the car, and the display unit of the
navigation apparatus displays a map in accordance With the

to one embodiment of the present invention is schematically
illustrated. The car navigation apparatus is located in a car

(not shoWn). The illustrated car navigation apparatus
55

includes a GPS device 1, speed sensor 2, angular velocity

GPS car location. HoWever, When the car moves in a

sensor 3, acceleration sensor 4, map data storage device 5,

building such as a multi-story car park, the GPS car location

operation unit 6, display unit 7 and control circuit 8. The

suffers deteriorated accuracy because multipath affects the

GPS device 1 is connected to a GPS antenna 1a to receive

accuracy and/or the navigation apparatus cannot suf?ciently
receive measurement data (position data) from the arti?cial

radio Waves (signals) transmitted from a plurality of

satellites. As a result, an accurate current location of the car

location data including a current location of the car and a
moving direction of the car on the basis of the radio Waves.

arti?cial,satellites (not shoWn) thereby calculating GPS car

is not obtained. In addition, if the map data does not have

any data about the inside of the building, the map matching

The speed sensor 2, angular velocity sensor 3 and accelera

process cannot be performed even if the self-contained
sensors provide the current car location. Such problems are

tion sensor 4 are self-contained sensors to detect the current

also true to other types of navigation apparatus designed for
other mobile bodies such as a human.

65

location and moving direction of the car Without having
information supplied from outside. The speed sensor 2
detects a speed of the car. The angular velocity sensor 3
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After Step S4, the control circuit 8 determines corrected

detects an angular velocity of the car. The acceleration

car position data from the GPS car position data and

sensor 4 detects acceleration of the car.

self-contained car position data (Step S5). The control

The map data storage unit 5 includes a recording medium
such as DVD and a drive device for the recording medium.
Information (data) such as map data is recorded in the
recording medium beforehand. The map data storage unit 5

circuit 8 then performs the map matching process on the
corrected car position data With respect to the road derived
from the map data (Step S6). At Step S5, the GPS car
position data is combined to the self-contained car position
data to obtain the corrected car position data. The corrected

reads (retrieves) the map data from the recording medium.
The map data includes con?nes of a parking lot, driveWays

in the parking lot, and respective parking spaces (areas). The
operation unit 6 is operated by a user to enter data and

10

combining the GPS car position data With the self-contained
car position data is disclosed in detail in, for eXample,
Japanese Patent Kokai Nos. 9-297030 and 10-30736, entire
disclosures of Which are incorporated herein by reference. At

instructions into the navigation apparatus. The display unit
7 displays navigation (cruising) information such as a map.
The control circuit 8 is, for example, a micro computer.
The control circuit 8 is connected to the GPS device 1, speed
sensor 2, angular velocity sensor 3, acceleration sensor 4,
map data storage unit 5, operation unit 6 and display unit 7
to control the navigation apparatus.
The control circuit 8 periodically receives output data of
the GPS device 1, speed sensor 2, angular velocity sensor 3

15

location indicated by the corrected car position data is not

and moving direction of the car at predetermined intervals.
The control circuit 8 then causes the display unit 7 to shoW

road of the map data, the current car location given by the
corrected car location data is maintained.

a map around the current location of the car together With a

Subsequently, the control circuit 8 determines Whether the
25

the car mark in the displayed map is referred to as a car

position indicating process. The car position indicating
process Will be described in reference to FIGS. 1 and 2.
As shoWn in the ?oWchart of FIG. 2, the control circuit 8

30

determines Whether a ?ag F is “1” or not (Step S1). The ?ag
F is set to be “1” When the car is in a parking lot having a

roof or multi-?oor parking toWer (garage) at Step S8 (Will be
described). If the current location of the car is outside the
parking lot/toWer and the GPS device 1 can accurately
determine the current location of the car, the ?ag F is set to

“0” at Step S14 (Will be described). An initial value of the
?ag F is “0”.
When it is determined at Step S1 that F is “0”, the control
circuit 8 determines Whether the map matching process is

Step S6, the map data around the current car location is read
from the map data storage device 5. If the current car
present on the road of the map data, the current car location
of the corrected car position data is forced to shift on the
road of the map data. If, on the other hand, the current car
location of the corrected car position data is present on the

and acceleration sensor 4 to determine the current location

car mark (car location mark). The car mark is placed at the
current location of the car in the displayed map, and shoWs
the moving direction of the car. The process for indicating

car position data includes a corrected current location of the
car and a corrected moving direction of the car. Amethod of

current car location determined at Step S6 is Within con?nes
of a parking lot/toWer, on the basis of the map data retrieved

from the storage device 5 (Step S7). If the current car
location is Within the con?nes of the parking lot/toWer, the
?ag F becomes “1” (Step S8). The control program then
proceeds to Step S10. Step S7 determines that the current car
location is Within the con?nes of the car park only When the
map data storage device has map data of the parking
lot/toWer (particularly map data about drive Ways inside the

parking lot/toWer).
35

If the current car location is outside the parking lot (No at
Step S7), the control circuit 8 causes the display unit 7 to
shoW a map including the current car location determined at

Step S6, together With an arroW (car mark) (Step S9). A
location of the arroW in the display screen indicates the
40

prohibited (Step S2). Prohibition of the map matching
process is decided at Step S39 (FIG. 5; Will be described).
When the control circuit 8 determines that the car moves in
a multi-story parking toWer for Which no road data is 45

available in the map data storage unit 5, the map matching
process is prohibited. The parking toWer may have one or

current location of the car. The arroW also indicates the

heading direction of the car.
If it is determined at Step S1 that F is “1”, it means that
the car is Within the parking lot/toWer or that the car is
outside the parking lot/toWer but the current location of the
car cannot be accurately detected by the GPS device 1.
When F=1, therefore, the control circuit 8 obtains car

more basements. The car lot may be an underground car

position data from the self-contained sensors (Step S10).

park.

Step S10 is the same as Step S4.

After Step S10, the control circuit 8 performs the map

When the map matching process is not prohibited at Step
S2, the control circuit 8 obtains GPS car position data from

matching process on the current car location obtained by the
self-contained sensors With respect to the road derived from

the GPS device 1 (Step S3). The control circuit 8 also
obtains car position data from the self-contained sensors

the map data (Step S11). At Step S11, the map data around

(Step S4). The car position data supplied from the self

the current car location is read from the map data storage
device 5. If the current car location indicated by the self
contained navigation is not present on the road of the map
data, the current car location obtained by the self-contained
sensors is forced to shift on the road of the map data. If, on
the other hand, the current car location obtained by the
self-contained sensors is present on the road of the map data,

contained sensors is referred to as self-contained car position 55

data. Before the car position indicating process starts (or
aside from the car position indicating process), the control
circuit 8 periodically calculates self-contained car position
data from speed, angular velocity and acceleration of the car,
Which are obtained from output data of the speed sensor 2,

60

angular velocity sensor 3 and acceleration sensor 4 at

prescribed intervals, and stores the self-contained car posi
tion data in a separate memory (not shoWn). The self
contained car position data stored in the separate memory
includes the current location and moving direction of the car.
The self-contained car position data is read from the separate
memory at Step S4.

65

the current car location given by the self-contained naviga
tion is maintained.
Subsequently, the control circuit 8 determines Whether the
current car location determined at Step S11 is outside the
parking lot/toWer, on the basis of the map data retrieved
from the storage device 5 (Step S12). If the current car

location is outside the parking lot/toWer, it is determined

US 6,574,550 B2
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Whether the car has moved a predetermined period or

Referring to FIG. 4 Which shoWs the parking toWer

distance outside the parking lot/toWer (Step S13). If the

driveWay presumption routine, the control circuit 8 ?rst

ansWer is yes, the ?ag F becomes “0” (Step S14). The

monitors the moving direction of the car from the output

control program then return to Step S2.
If the current car location is Within the parking lot (No at
Step S12) or if the car has not moved the predetermined

signal of the angular velocity sensor 3 (Step S21). The
control circuit 8 also determines Whether a curve Way ?ag F1
is “1” (Step S22). The curve Way ?ag F1 is set to be “1” at
Step S24 When the car moves in the curve Way. If the curve

period or distance after leaving the parking lot (No at Step
S13), the program proceeds to Step S9. The control circuit
8 then causes the display unit 7 to shoW a map including the
current car location determined at Step S11, together With

10

considers that the car is present in the curve Way and makes

the car mark arroW.

the curve Way ?ag F1 “1” (Step S24).

If the map matching process is prohibited at Step S2, it

When F1=1 at Step S22, it means that the car took the
curve Way in the previous movement (at the time of execu

means that a multi-story parking toWer mode is selected in

a parking toWer driveWay presumption routine (Will be
described in reference to FIGS. 4 and 5) and the car is

15

other Words, it is determined Whether the car has exited the
curve Way. When there is no moving direction change, the

obtains current car location data from the self-contained

curve Way ?ag F1 becomes “0” (Step S26). It is then

sensors (Step S15). Step S15 is the same as Step S4.
After Step S15, the control circuit 8 corrects the current

determined Whether the moving direction change is approxi
mately 180 degrees (Step S27). As understood from FIG. 3,

location data obtained from the self-contained sensors such
that the current car location is shifted to a road pattern

When the car completely runs through the curve Way, an

approximate 180-degree moving direction change takes

determined by curve Way running data determined and

stored in the parking toWer driveWay presumption routine
(Step S16). The control circuit 8 causes the display unit to
shoW a map including the corrected current location together
With the car mark (Step S17).
NoW, calculation of the car moving direction (aZimuth) at
Step S4, S10 or S15 Will be described. The angular velocity

25

place. Step S27 determines Whether such moving direction
change has occurred. If the detected moving direction
change is approximately 180 degrees, the control circuit 8
determines Whether a multi-?oor car park mode is already

selected (Step S28). The multi-?oor car park mode is
selected at Step S36 When a mode ?ag F3 becomes “1” (Will

be described).

sensor 3 detects an angular velocity caused by a direction
change so that a change calculation angle value per a unit

When the multi-?oor car park mode is not selected, it is
determined Whether a multi-?oor car park determination

output (referred to as “gyro gain”) is already obtained. The
direction change is calculated from gyro data produced by
the angular velocity sensor 3 using the gyro gain. By

process is proceeding (Step S29). When the multi-?oor car
park determination process is not proceeding, a multi-?oor

car park determination ?ag F2 becomes “1” (Step S30).

accumulating the gyro data While the car rotates 360 degrees

Then, the direction of the curve Way, the moving direction
and location of the car just before entering the curve Way,
and the moving direction and location of the car just after

during a rotation correction, the gyro gain can be given by
the equation (1) Where G represents the gyro gain. Ji
represents the gyro data, and Jofs represents a gyro offset:

exiting the curve Way are stored as current curve Way

running data Dn (Step S31). The direction of the curve Way
is either “to the right” or “to the left”, Which is determined
on the basis of the moving direction change. The moving
direction and location of the car just before entering the

(1)

360“

g; (J; — Jo S)

The moving direction (gyro direction) 6a” calculated

tion of this routine). Thus, it is determined Whether the

change in the moving direction has stopped (Step S25). In

moving in the multi-story parking toWer. Thus, When the
map matching process is prohibited, the control circuit 8

3600

Way ?ag F1 is “0”, the control circuit 8 determines Whether
the car moving direction starts changing (Step S23). If the
car moving direction is changing, the control circuit 8

45

curve Way are the moving direction and location of the car
obtained in the routine of FIG. 4 executed one time before

the start of the moving direction change is determined at
Step S23. The moving direction and location of the car
obtained in the previous execution of the routine of FIG. 4
are stored, regardless of the execution of Step S29, until the
execution of the routine of this time. The moving direction

using the gyro gain G is obtained by the equation (2) Where
Aean is a relative gyro direction, 6a” is the gyro direction,
60n_1 is a previous absolute direction, and gk is a gyro gain

adjustment (compensation) coef?cient (?xed to one).

and location of the car just after exiting the curve Way are the

In the equation (2), the gyro offset J ofs is a value of the gyro
data detected When no direction change occurs (e.g., When

moving direction and location of the car obtained When Step

the car stops

stopped. The moving direction and location of the car are

S25 determines that the moving direction changes has

The gyro offset Jofs is reset at an appropriate

timing. The previous absolute direction 60n_1 is the gyro

55

direction obtained previously. The relative gyro direction
Aean is the direction change angle obtained this time. The
calculation of the moving direction 6a” in accordance With

determination is being made, it is then determined Whether
the curve Way running condition of this time symmetric to
the curve Way running condition of the previous time Dn

the equation (2) is executed by the control circuit 8.
Apart from the car position indicating process, the control
circuit 8 repeats the parking toWer driveWay presumption

(Step S32). Speci?cally, it is determined Whether the direc

routine. It should be assumed here that each ?oor of the
multi-?oor parking toWer has a driveWay as shoWn in FIG.

tion of the curve Way of the previous time is the same as in

this time, the running distance in the curve Way of the
previous time is substantially the same as in this time, and

3. Speci?cally, the driveWay includes tWo parallel straight
Ways and tWo curve Ways connecting the straight Ways. The
tWo curve Ways are symmetrical. Presumption of the drive
Way starts When the routine of FIG. 4 starts.

stored in, for example, a memory (not shoWn) in the control
circuit 8.
When Step S29 determines that the multi-?oor car park

65

a straight Way extending to the entrance of the curve Way of

this time is substantially parallel to a straight Way extending
from the exit of the curve Way. If the curve Way running

US 6,574,550 B2
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condition of this time is not,symmetric to the curve Way

lated by the equation (2) on the basis of the measurement
data of the angular velocity sensor 3 is forced to match to the

running condition of the previous time, the previous curve

direction of the straight Way already knoWn. Accordingly,

Way running data Dn stored in the memory of the control
circuit 8 is deleted. Instead, the direction of the curve Way
of this time, the moving direction and location of the car
immediately before entering the curve Way of this time, and
the moving direction and location of the car immediately

the current car location is present on the straight Way.

When Step S37 determines that the car speed is not loW,
When Step S38 determines that the car is moving on the long
straight Way, When Step S42 determines that the curve Way
running condition of this time is not substantially the same
as the curve Way running condition of the tWo-time before,
or When Step S43 determines that the difference betWeen the

after leaving the curve Way of this time are stored as the

curve running data Dn (Step S33).
On the other hand, if the curve Way running condition of
this time is symmetric to the curve Way running condition of
the previous time, the curve Way running data Dn is renamed
to a previous curve Way running data Dn-1 (Step S34). The
direction of the curve Way, the moving direction and location
of the car immediately before entering the curve Way, and
the moving direction and location of the car immediately

tWo moving directions is greater than the predetermined
range, then the mode ?ag F3 becomes “0” (Step S45). The
control circuit 8 then cancels the prohibition of the map

matching process (Step S46).
In the above described car navigation apparatus, the
15

position data obtained from the self-contained sensors (i.e.,
speed sensor 2, angular velocity sensor 3 and acceleration
sensor 4) and the map matching process When the car is
cruising under a normal condition. On the other hand, When

after leaving the curve Way are stored as the curve running

data Dn of this time (Step S35). Since the driveWay pattern
in the parking toWer is determined (presumed), the parking
toWer determination ?ag F2 becomes “0” (Step S36). At the
same time, the mode ?ag F3 becomes “1” (Step S36). The

the car enters the parking lot/toWer and moves therein, and

the road data of the parking lot/toWer is available in the

presumption of the route starts When the routine of FIG. 4

storage unit 5, then the current car location is determined
from the self-contained car position data obtained from the
self-contained sensors and the map matching process. The
GPS car position data from the GPS device 1 is disregarded.

starts.

When Step S28 determines that the multi-?oor car park
mode is already selected, the control circuit 8 determines
Whether the car is moving at a loW speed (Step S37 in FIG.
5). If the car speed is loW, the control circuit 8 determines
Whether the car has run straight for a long period (Step S38).
If it is not a long straight drive, the map matching process
is prohibited in the car position indicating process (Step

25

applying the map matching process to the self-contained car
process to the combination of the GPS car position data and
self-contained car position data. Even if the car exits the

After Step S39, the previous curve Way running data Dn-1
replaces the curve Way running data Dn-2 of the tWo-time
before, and the currently stored curve Way running data Dn

parking lot/toWer, the GPS car position data is still inaccu
rate till a predetermined period or distance is reached after

exiting the parking lot/toWer. Thus, the current car location
is determined by applying the map matching process to only

replaces the previous curve running data Dn-1 (Step S40).
Further, the curve Way direction of this time, and the car

When the car moves in the parking lot/toWer, more accurate
current location of the car can be obtained by simply

position data, rather than by applying the map matching

S39).

moving direction and location immediately before and after

current car location is determined from the GPS car position
data obtained from the GPS device 1, the self-contained car
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the curve Way of this time are stored as the curve Way

running data Dn (Step S41). The route measured from Step

the self-contained car position data.
Even if the map data stored in the storage unit 5 does not
include any information about a fact that the building
concerned is a multi-?oor car park together With information

S36 to S41 is referred to as “actual route”.

about driveWays in the building, the navigation apparatus

Subsequently, the control circuit 8 determines Whether the
current curve Way running condition represented by the

can enter the multi-?oor car park mode to detect the curve

Ways and presume (the pattern of) the driveWay on the ?oor
as long as the driveWay on the ?oor has the same and simple
pattern With symmetrical curve Ways as shoWn in FIG. 3. In

curve Way running data Dn is substantially the same as the

curve Way running condition of the tWo-time before, Which

represented by the curve running data Dn-2 (Step S42).

addition, since the moving direction is calibrated using the

Speci?cally, it is determined Whether the curve Way direc

predicted straight Way on the ?oor, the current car location
can be accurately determined on the basis of only the car
position data supplied from the self-contained sensors. As a
result, the current car location displayed at Step S17 is

tion of this time is the same as the curve Way direction of the 45

tWo-time before, the curve Way running distance of this time
is substantially the same as that of the tWo-time before, the
direction of the straight Way extending to the entrance of the

present on the predicated pattern.
The determinations at Steps S42 and S43 constitute a
comparison means for determining Whether an actual run

curve Way of this time is substantially the same as in the

tWo-time before, and the direction of the straight Way

ning route determined by the measurement data supplied
from the measurement device(s) coincides With the pre

extending from the exit of the curve Way of this time is
substantially the same as in the tWo-time before. The curve

Way running distance is calculated using output data of the

dicted route (pattern). The term “coincide” includes a case

self-contained sensors.

Where an integrated value of coordinate excursion betWeen
the actual running route and predicted route falls Within the

When the curve Way running condition of this time is 55
predetermined tolerance. The tolerance in the moving direc
substantially the same as the curve Way running condition of

the tWo-time before, the control circuit 8 determines Whether

tion is, for example, :10 degrees. The tolerance disregards

the difference betWeen the moving direction immediately

an error caused, for instance, When the car moves from one
lane to another lane on a multi-lane highWay or When the car

after the exit of the curve Way of this time, Which is

represented by the curve running data Dn, and the moving

moves along a center line of the driveWay this time but the
car has moved along the edge of the driveWay one time
before.
It should be noted that the present invention is not limited
to the illustrated and described embodiment. For example,

direction immediately after the exit of the curve Way of the

tWo-time before, Which is represented by the curve running
data Dn-2, falls Within a predetermined range (tolerance)
(Step S43). If the difference is Within the predetermined
range, the control circuit 8 calibrates the current moving
direction 6 an detected by the angular velocity sensor 3
When the car is moving in the straight Way in the car park

(Step S44). Speci?cally, the moving direction 6 an calcu
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although the mobile body is the car in the embodiment, the
mobile body may be a human. The parking lot/toWer may be
replaced With a department store or restaurant if the mobile
body is a human.

US 6,574,550 B2
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10. The navigation apparatus according to claim 1,

Although the self-contained sensors are the speed sensor

2, angular velocity sensor 3 and acceleration sensor 4 in the
above described embodiment, a geomagnetic sensor and/or
other sensors may be employed.
The driveWay pattern is not limited to that shoWn in FIG.
3. For instance, the driveWay pattern may be a rectangular or

Wherein the presumption unit presumes the route pattern
When the mobile body exists in a roofed structure.

11. A method comprising the steps of:
A) measuring a moving direction and location of a mobile

body using sensors;

square.

B) presuming a ?rst route pattern along Which the mobile
body has moved, on the basis of the moving direction
and location of the mobile body measured at Step A;

The above description deals With the multi-?oor car park,
but the present invention can be applied to a single-?oor
parking lot With or Without a roof if the car repeatedly runs

the same driveWay.

10

This application is based on Japanese patent application
No. 2001-137208, and the entire disclosure thereof is incor

porated herein by reference.

direction and location of the mobile body measured at

What is claimed is:

1. A navigation apparatus comprising:
a measurement unit for measuring a moving direction and
current location of a mobile body in accordance With

Step C;
15

E) determining Whether a difference betWeen the ?rst
route pattern and second route pattern falls Within a

predetermined range; and
F) calibrating the moving direction and location of the

navigation parameters of the mobile body;
a presumption device for presuming a route pattern rep

mobile body measured at Step C on the basis of the ?rst
route patter, When Step E determines that the difference
betWeen the ?rst and second route patterns falls Within

resenting straight and curve Ways along Which the
mobile body has moved, on the basis of the moving
direction and current location of the mobile body
measured by the measurement unit;
a comparison unit for determining Whether an actual route

pattern determined in accordance With the moving
direction and current location of the mobile body
measured by the measurement unit after presumption of
the route pattern matches the presumed route pattern;

C) repeating step A;
D) determining a second route pattern along Which the
mobile body has moved, on the basis of the moving

25

the predetermined range.
12. The method according to claim 11, Wherein Step F
calibrates the moving direction of the mobile body on the
basis of the ?rst route patter While the mobile body is

moving straight.
13. The method according to claim 11 further including

the step of prohibiting application of the map matching

and
a calibration unit for calibrating the moving direction and

current location of the mobile body measured by the

process When Step B presumes the ?rst route pattern.
14. The method according to claim 11, Wherein the mobile

measurement unit on the basis of the presumed route

body is at least one of a car and a human.

patter, When the comparison unit determines that the
actual route pattern matches the presumed route pat

15. The method according to claim 11, Wherein the
predetermined range is about 10 degrees.
16. The method according to claim 11 further including
the step of G) determining Whether the mobile body exists

tern.

2. The navigation apparatus according to claim 1, Wherein
the calibration unit calibrates the moving direction of the
mobile body on the basis of the presumed route patter When
the current location of the mobile body measured by the
measurement unit is present on the straight Way.
3. The navigation apparatus according to claim further
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17. The method according to claim 16, Wherein the
predetermined structure is a roofed building.
18. The method according to claim 11, Wherein Step B
presumes the ?rst route pattern When the mobile body exists

including:

in a structure for Which no map data is available.

a map matching process unit for applying a map matching

19. The method according to claim 11, Wherein Step B
presumes the ?rst route pattern When the mobile body exists

process on the current moving direction and current

location of the mobile body measured by the measure
ment unit, using road data included in map data pre
pared beforehand, to determine a current location of the

in a roofed structure.

20. An apparatus comprising:
?rst means for measuring a moving direction and location
of a mobile body;
second means for presuming a ?rst route pattern along
Which the mobile body has moved, on the basis of the

mobile body; and
a prohibition unit for prohibiting application of the map
matching process When the presumption unit presumes
the route pattern.

4. The navigation apparatus according to claim 1, Wherein

moving direction and location of the mobile body
measured by the ?rst means;
third means for measuring the moving direction and

the mobile body is at least one of a car and a human.

5. The navigation apparatus according to claim 1 further
including at least one of a speed sensor, an angular velocity

location of the mobile body at a different time than the
?rst means;
fourth means for determining a second route pattern along
Which the mobile body has moved, on the basis of the

sensor and an acceleration sensor to provide the navigation

parameters of the mobile body.
6. The navigation apparatus according to claim 1 further
including a determination unit to determine Whether the

mobile body exists Within con?nes of a predetermined

Within con?nes of a predetermined structure.
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structure.

moving direction and location of the mobile body
measured by the third means;

7. The navigation apparatus according to claim 6 further

?fth means for determining Whether a difference betWeen

including a GPS device to provide a moving direction and
current location of the mobile body When the determination
unit determines that the mobile body does not exist Within
the con?nes of the predetermined structure.

the ?rst route pattern and second route pattern falls
Within a predetermined range; and
sixth means for calibrating the moving direction and

8. The navigation apparatus according to claim 6, Wherein

means on the basis of the ?rst route patter, When the
?fth means determines that the difference betWeen the

location of the mobile body measured by the third

the predetermined structure is a roofed building.

?rst and second route patterns falls Within the prede

9. The navigation apparatus according to claim 1, Wherein
the presumption unit presumes the route pattern When the
mobile body exists in a structure for Which no map data is

available.
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termined range.
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